NOTICES

Disclaimers
The findings in this report are not to be construed as an official Department of the Army position unless so designated by other authorized documents.
Citation of manufacturer's or trade names does not constitute an official endorsement or approval of the use thereof.
Destroy this report when it is no longer needed. Do not return it to the originator. Once these exempt solvents have been used, an analytical test method must be developed to verify their presence, thereby ensuring that the reformulated coating is indeed meeting the established VOC regulations. The test method presented in this report provides a relatively simple and direct way to separate and quantitate the percentage of exempt solvent found within a coating. The method uses the principles of gas chromatography (GC) to perform the analyses.
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Instrumentation
Used in this study was a Hewlett-Packard (HP) 5890 Series II Gas Chromatograph equipped as follows:
• Column Size/Phase: 30 m H 0.53 mm H 3.0 µm /6%-cyanopropylphenyl-94% dimethyl polysiloxane (cross-linked).
• Oven: Programmable, set at 90 °C.
• Detector: Thermal Conductivity, set at 225 °C.
• Carrier Gas: Helium, set at 8 ml/mn.
• Injector: Split 1:20, set at 200 °C.
• Data Acquisition: Agilent GC-MSD ChemStation Application software.
• Printer: HP Desk Jet 560.
Procedure
A modified version of American Society for Testing and Materials (ASTM) D 4457 2 was followed for the sample preparation and GC analysis. This ASTM method was chosen because it is used industry wide as an authoritative test procedure in determining the amount of VOCexempt halocarbon solvents in coatings. In this instance, the ASTM method and related instrument set-up was tailored specifically to analyze the exempt solvents previously mentioned. However, most of the modifications were relatively minor. For example, the exempt solvent standards (American Chemical Society [ACS] Reagent Grade) and coating samples were prepared by diluting with methyl ethyl ketone (MEK), instead of dimethylformamide.
Calibration
Weigh ∼0.1 g of exempt solvent and 0.1 g of the selected internal standard (toluene) to the nearest 0.1 mg into a disposable micro-centrifuge tube and mix well. Dilute this mixture with ∼1.25-1.30 g of MEK. Shake well and inject a 1-µl aliquot into the gas chromatograph (note:
MEK and/or toluene should not interfere/coelute with any of the analytes. However, if interferences do occur, substitutions must be made). Record the integrated peak areas of the exempt solvent and the internal standard. Repeat the injection and record the peaks areas as before. Compare them to the first. The values should be within 3% of each other. Report the weights and the averaged peak areas for the response factor (RF) calculation. The equation is given in the Appendix. Once the RF has been derived, the exempt content within the coating sample can be determined.
Analysis/Determination
Weigh 5-10 g of paint (note: actual weight is dependent upon the exempt solvent content of the coating) and 0.1 g of the selected internal standard to the nearest 0.1 mg into a disposable glass vial with a septum-lined cap. Dilute the mixture with ∼10 ml of MEK. If the coating's solvent composition is unknown, it will be necessary to run an undiluted sample to make sure no peak interferences will occur. Cap the vial tightly and shake well for a few minutes. To facilitate the settling of solids, allow the samples to stand for at least 5 min. Low-speed centrifuging may also be used. Inject a 1-µl aliquot into the gas chromatograph. Record the peak areas and repeat the injection when all compounds have eluted. It may be necessary to raise the oven temperature between injections to allow the elution of all of the solvents in the sample.
Compare the integrated peak areas for the compounds of interest. The values obtained from the two injections should be within 5% of each other. Report the weights and the averaged peak to calculate the exempt solvent content. The final equation is presented in the Appendix.
Results and Discussion
Three solvent-based coatings were selected for a trial study. The composition of each of the coatings was different, but each contained at least one of the following exempt solvents: methyl acetate, t-butyl acetate, and/or PCBTF. The total exempt solvent content of the samples ranged from 5%-35% by weight. Duplicate determinations were made for each sample with the averaged value reported as the final determinate. Results are provided in Table 1 . Table 1 . Exempt solvent content (% by weight).
As shown in Table 1 , the determined results agree well (within 4.5% relative difference) to the theoretical values reported by the manufacturer for each coating product. The calibration runs (not tabulated) also agreed well-with the averaged results within 2.5% of each other. A chromatogram depicting a typical exempt solvent coating analysis is shown in Figure 1. 
Conclusion
A gas chromatograph interfaced with a polymeric cross-linked, megabore (30 m H 0.53 mm) column has been successfully used for the direct determination of VOC-exempt solvents. The instrumental method is well suited for the qualitative and quantitative analysis of VOCs in most solvent-based coating products. The analysis time is short, generally requiring no longer than 10 min per sample. The established working range for the procedure was ∼5%-35% exempt solvent by weight of the whole paint. However, it is believed that higher or lower percentages could also be determined using this method. Figure 1 . Typical GC analysis for exempt solvent content.
Appendix. Exempt Solvent (ES) Content Calculations
Calculate the exempt solvent content of each sample using the following equations: 
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SUPPLEMENTARY NOTES
ABSTRACT
The Coatings Team of the Polymers Research Branch has developed a method for the analysis of the exempt solvent content in pigmented coating materials using gas chromatography. This technical note outlines the instrument parameters and the sampling procedures established to perform the determinations. A typical analysis is graphically presented with a brief explanation summarizing the tabulated results.
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